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I n the last issue (p. 30, Sept./Oct.
2009), we discussed the process of
diffusion of magnetic bearings into
the turbomachinery marketplace. And

we noted how third generation technolo-
gies in magnetic bearings are helping to
reduce their installed cost, increase
energy efficiency and environmental
friendliness, and improve reliability and
availability. These benefits will be fur-
ther enhanced by developments now on
the horizon.  

Remote control
The traditional method of installation
and commissioning of magnetic bear-
ings relies heavily on trained engineers
onsite, both at the factory of the turbo-
machinery OEM, as well as the end-user
field location. The same process is used
during routine maintenance of the mag-
netic bearing system. Through enhance-
ments in technology and remote connec-
tivity, a new approach turns over most
aspects of magnetic bearing commis-
sioning and machine troubleshooting to
the OEM and end-user, with specialist
support coming primarily via remote
condition monitoring.

To support this shift in approach,
comprehensive training should be provid-
ed to assure all tasks are conducted reli-
ably with confidence. This approach —
originated by Waukesha — will reduce
the need for onsite maintenance of the
system, ultimately increasing machine
reliability and availability. 

The new paradigm described above
is a fundamental change to the way
magnetic bearing installations have
been marketed over the last two
decades. Not only does the traditional
approach add to the operating expense
of using magnetic bearings, it encum-

bers end-users with the logistical
headaches of getting the supplier to the
site in the time needed to support ongo-
ing production needs. 

This approach leverages the inherent
intelligence of magnetic bearing systems
and the remote connectivity of third gen-
eration controls technology. The magnet-
ic bearing system intelligence is used to
commission machines and diagnose
machine problems using a wealth of
information not possible with mechanical
bearings. Remote connectivity enables
performance of these operations on-
demand from a remote location with no

site visits for “second-in-class” and sub-
sequent machines. 

The intelligence of magnetic bearing
systems stems partially from rotor posi-
tion and vibration information used to
control the rotor with electromagnetic
forces. This information is available for
display and monitoring from remote
locations, but such information has been
available in turbomachinery for many
years with standard vibration-based con-
ditioning monitoring systems, giving
rise to what is known as “vibration sig-
nature analysis.”

What makes the magnetic bearing
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RAMPING UP MAGNETIC BEARING USE 
REMOTE CONNECTIVITY WILL FACILITATE EASY INSTALLATION, TROUBLESHOOTING
AND TUNING, THEREBY SAVING ASSOCIATED COSTS

Clockwise from top
Figure 1: Remote tuning to eliminate response
at rigid body mode
Figure 2. Typical vibration attenuation
algorithm results
Figure 3: A Nichols plot depicting relative rotor
stability before and after retuning from remote
Figure 4: The principle of Automatic Clearance
Checking of Auxiliary Bearings
Figure 5: A waterfall plot of machine shutdown
showing bearing current frequency content
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system different from rotors with
mechanical bearings is that the magnetic
bearing control system supplies informa-
tion related to rotor forces, as well as fun-
damental information regarding the sta-
bility of the rotor-bearing system. The
former is obtained via bearing currents or
bearing magnetic flux measurements that
may be viewed and analyzed remotely.
The latter is enabled via the ability to
remotely measure transfer functions of
rotor displacement for force disturbances
across a broad frequency band. This is
performed by the internal spectrum ana-
lyzer, which adds a new dimension to the
measurement capabilities of magnetic
bearing systems. 

The new ISO and pending API spec-
ifications on magnetic bearings recog-
nize the significance of such transfer
functions. The availability of spectral
information from remote opens up an
unexploited possibility in machinery
health monitoring — that has not been
available in the first two generations of
magnetic bearing systems.

The third generation available from
Waukesha allows for remote connection
via TCP/IP to facilitate the measure-
ments of vibration, bearing load, and
rotor stability. Figure 1 shows elimina-
tion of the rotor response of a machine at
the rigid body mode from remote.
Figure 2 shows the before-and-after
vibration response of a machine follow-
ing remote implementation of a vibra-
tion attenuation algorithm. 

These capabilities can be used for ini-
tial commissioning and subsequent trou-
bleshooting. They can also be used to

retune the machine after many years of
operation where necessary. 

For example, changing seal clear-
ances may cause a change in cross-cou-
pled seal forces that start to degrade the
stability of the rotor. Figure 3 shows an
example of a stability plot before and
after retuning. Increasing seal clearances
are a significant indicator of machine
health, and may be measured by changes
in the rotor “plant” equipped with mag-
netic bearings. 

Taking transient overloads
Third generation technologies also
provide the capability for using the
auxiliary bearings to accommodate
transient overloads of the magnetic
bearings. This emulates the high load
capacity of oil lubricated bearings
while assuring rotor stability that can
be seen and measured.  

Moreover, the remote connectivity fea-
ture allows automatic clearance checking
on demand (while non-rotating) to assure
that the auxiliary bearing wear is below the
threshold for ultimate replacement. This
principle is illustrated in Figure 4. 

It should be noted that only bushing-
type auxiliary bearings allow this remote
observability because wear is the only
failure mode in this type of design. This
capability completes the spectrum for
present day condition monitoring of mag-
netic bearing systems.

Upcoming developments
In the not-too-distant-future, vibration
spectra, force spectra, and rotor trans-
fer functions will be used with expert

systems to perform machine prognoses
of problems before they occur. This
will be followed by recommendations
for corrective action that may then be
implemented automatically by the
magnetic bearing controller. 

Reference spectra will first be cap-
tured for each bearing channel (five in
most machines) at standstill and design
speed. Measurements will also be
obtained during startup and shutdown.

For example, a reference waterfall
plot obtained from the controller is
shown in Figure 5. To reduce the effect
of noise, averages will form the refer-
ence for each channel. Changes in the
reference spectra will be monitored
closely on a regular basis and the soft-
ware will decide when an adjustment or
retuning is required. 

Sensor validation will be employed to
identify failed sensor hardware that
would impair the capabilities of the diag-
nostic system. The software will also
have the knowledge to know what
changes are required and those actions
will be taken and verified.  

Author
Mike Swann is
General Manager,
Waukesha Magnetic
Bearings based in
Mystic, CT and
Worthing, UK. He
has been involved in
the management of
magnetic bearing
projects for over
twenty years. 
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A new approach to magnetic bearings
The 38th Turbomachinery Symposium in Houston (Sept. 14 - 17) provided an occasion for Waukesha Magnetic Bearings
(WMB) to announce a shift in market approach and introduce its full range of new digital controllers featuring the remote
connectivity essential to this shift in approach. Waukesha engineers demonstrated the remote connectivity of a magnetic
bearing controller from the company’s booth at the symposium  by connecting to a high-speed test rig in the WMB facil-
ity in Worthing, UK. This connection was employed to demonstrate remote tuning (an explicit part of the commissioning
process for each machine) of the magnetic bearings along with the implementation of advanced software features, such as
rotor vibration attenuation and automatic clearance checking of the auxiliary bearings.

With more than twenty years of experience in magnetic bearing technology, Waukesha has focused its efforts on sim-
plifying the installation and commissioning process of its products used in turbomachinery applications. “Waukesha has
recently demonstrated an availability of 99.9% across its fleet of magnetic bearing equipped motor compressors,” says
Mike Swann, General Manager at WMB. 

The traditional method of installation and commissioning relies heavily on trained engineers on-site, both at the OEM fac-
tory as well as the end-user field location. This same process is used during routine maintenance of the magnetic bearing sys-
tem. Through the enhancements in technology and remote connectivity, Waukesha’s approach turns over most aspects of mag-
netic bearing commissioning and machine troubleshooting to the OEM and end user, with specialist support coming primarily
via remote condition monitoring (see p. 32 for more on this approach).

The evolution of magnetic bearing technology has led to increased capabilities that permit end-users to not only derive
the benefits of lower installed cost, increased energy efficiency, and environmental friendliness, but to also see significant
enhancements in machine reliability and availability, adds Swann. “The latter benefits have already been demonstrated with
available third generation technology and will be further enhanced with developments now on the horizon.”

REPRINTED FROM TURBOMACHINERY INTERNATIONAL NOVEMBER/DECEMBER 2009

waukesha 11-09.qxd  12/7/2009  9:21 AM  Page 2



waukesha 11-09.qxd  12/7/2009  9:22 AM  Page 3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000410064006f00620065002000500044004600200064006f00630075006d0065006e0074007300200066006f0072000d002000200020002000200020002000200020002000200020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


